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ABSTRACT 


Па ен около с 15525 the évaluation and documentation 
of an integrated electronic instrument display designed to 
anyestigate stability and control of a helicopter during 
precision hover operations. The equations of motion, developed 
from the Kaman SH-2F Seasprite helicopter, were implemented 
by a hybrid computer system and displayed by a graphics 
processor. A complete procedural checklist, including 
troubleshooting methods, is included in this report. This 
Је Ини о ес та а топ system can be used for further research 
in the development of optimal heads-up display configurations 
as well as analyses of instability caused by pilot induced 


oscillations in the hover flight regime. 
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I. INTRODUCTION 


me rapid advancement in computer technology has greatly 
improved the development of visual heads-up displays for air- 
craft instrumentation. Microprocessor and graphic technology 
coupled with radar altimeter and Doppler radar systems inputs 
wabe designers to create various tactical and navigational 
displays. Perhaps the most difficult task experienced by 
today's helicopter pilot is hovering in instrument flight 
СОПОШ ЧОПО aim ment. Precision hovering at low altitude and 
as pecas. requires the utmost skill in instrument flying, 
and the display systems in present-day helicopters are less 
than adequate. 

Reference 1 cited development efforts directed in two 
major areas relative to the precision hover task; increased 
Stability and control systems, and navigational displays to 
provide hover information over a fixed position. Among the 
concepts to be examined were a low airspeed sensor system and 
integration of a forward looking infrared radar (FLIR) with a 
CRT-fiber optic display. 

With the advent of these new systems, it is important 
that a display scheme be developed to implement the sensor 
information into a suitable arrangement for precision hover- 
ig. 

The helicopter simulation system described in this report 


eeno utilize the latest advances in computer technology. 





However, the basic principles of operation and interface are 
Hsc "The helicopter pilot controls the flight of the 
aircraft using conventional control signals responding to 
artificial sensor information. This sensor information is 
provided by a hybrid computer system which solves the six 
degree-of-freedom equations of motion and applies them in 
response to initial conditions and pilot controlled inputs. 

The sensor information is relayed to a graphics computer 
which is used as the integrated heads-up display in the cock- 
Du. 

This simulation model has the flexibility to allow the 
student to investigate various display modes for feasibility 
and operability. In addition, stability and control analysis 
of the equations of motion can be examined for optimal control 


in the precision hover mode. 


10 





JI. “OBJECTIVE 


The basic purposes of this work were to place the heli- 
computer simulator in full working condition, provide 
detailed operating procedures to allow further research into 
the simulation and the E display system, and document 
trouble-shooting techniques and computer operations peculiar 
to the helicopter simulation in order to facilitate future 


research using this system. 
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III. BACKGROUND 


The present helicopter simulation system is essentially 
the work of many MM dc nsi. Conversion of the C-11B Instru- 
ment Flrght Trainer into a Variable Stability Flight Simula- 
tor was accomplished by Sweeney and reported 17 24 
Further work on T equations of motion was conducted by 
Huckemeyer [Ref. 3]. 

The equations of motion for the helicopter were initially 
developed by Hoxme and are contained in Ref. 4. The analog 
patchboard implementing the equations of motion and computer 
interfacing were also done originally by Hoxie. The analog 
diagrams are provided in Appendix A for easy reference. The 
display arrangement and the digital computer program are 
based on the work of Ammerman [Ref. 5]. A complete listing 
of the digital program is provided in Appendix B, and the 
corresponding Fortran variables are listed in Appendix C. 
Small changes in the analog program and the digital program 
were made to correct scaling errors and typographical errors. 
In addition, some components in the Analog computer had to 


be changed because of hardware failures. 
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IV. THE SIMULATION 


p DESCRIPTION 

The object of the simulation run is to fly to a designated 
hover position from a given initial position, altitude and 
speed. hover ever the position for a specific time and 
deparan. strearent-ahead climb. For each run the starting 
position is set by the digital computer program with the 
initial conditions as specified in Table I. A glossary of 
terms may be found in Appendix C. 

As the helicopter nears the designated hover position, 
crew directions are provided by the Crew Direction subroutine 
of the digital program. The Crew Direction subroutine func- 
tions as the "eyes" of the helicopter. The displayed messages 
simulate actual crew commands that are used for hcvering 
operations where the pilot is unable to see the hover target. 
A listing of the displayed text commands are included in 
Table II along with the parameters which cause the output 
of the associated messages. The top portion of Figure 1 
shows the display with the helicopter in level flight at an 
altitude of 500 feet and an airspeed of 70 knots. The 
bottom picture of Figure 1 shows how the display appears 


in a 40 foot hover over the target. 
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TABLE I 
INITIAL CONDITIONS 


U 70 KIS 
У 0 
W SAOS SEC. 
Ө 20355 
ф 0 
0 

ХЕ -4000 yds. 
УЕ 0 
Zr SOOMET: 
100 B4 1.7087 

С 
200 A. -.9034 

E 
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TARGET IN SIGHT 
STEADY FORWARD 
EASY FORWARD 
STOP FORWARD 
STEADY НОМЕК 
STOP BACK 

EASY BACK 
TARGET Т 
WAVE OFF 

PASY LEFT 

SOP LEFT 

PASY RIGHT 

STOP RIGHT 

MAN ON HOISE 

MAN IN AIRCRAFT 
PULE UP YOU ARE LOW 


PABLE II 


Crew OLRECTIONS 


XE 
XE 
XE 
VX 


> 


> 


> 


52000 ҮРр5 
-2000 YDS 
зе Г» 
ЭЕ 


БИЗЕ < 3 YDS 


ЕЕ ХБ 
ASAS 
XE > 600 YDS 
ЦЕНО OOUR DS 
E 05 
[DE 385 
ІЛЕ 02 05 
> ТЕ 


МИРНИ > 120 SEC 


ШО РЕШЕ > 150 SEC 


CEs ро ЕТ 
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Figure 1. Integrated Electronic Instrument Display 
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Be COMPUTER FACILITIES LAYOUT 

The helicopter simulation system is comprised of three 
main computing systems which are described in detail in 
Ref. 6. Each of these components (shown in Figure 2) is an 
integral part of the system, linked by a network of interfaces 
and trunklines. In addition, a television camera, placed in 
гае or the appropriate graphics display console, is linked 


by cable to a television repeater in the cockpit. 


C. AIRCRAFT DYNAMICS 

The stability derivatives and equations of motion used 
SA Sima tor are taken from the SH-2F "Seasprite" 
helicopter produced by the Kaman Aerospace Corporation. The 
equations of motion were developed by Hoxie [Ref. 4] and 
modified slightly by Ammerman [Ref. 5]. The normalized sta- 
bility derivatives were supplied by Kaman and are listed 


in Table III. 
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X, (u) 
Хо (4) 
Z (u) 
zZ (u) 
ы" 


Ly(u) 


M, (u) 


0 KTS, 
0 
25.06 


30 KTS. 
‚2328 
22.88 


0 
-. 4045 
4, 567 

-.0215 


0 


мв, (ч) 212517 


N (u) 


N (u) 


2,5871 
„0172 


ХА (0) 
Ха (0) 


x (0) 


Хв, 200) 


2 (9) 
2410) 
5, (0) 
M (0) 
қ (о) 
Mg (0) 
Y (o) 


=9.272 
-.5092 
35.35 
-.0261 
„1417 
«12.22 
-.7510 


0202 


2.806 
8689 


49,13 

-32.08 
„5228 

-208.2 

-.7853 
-.0002 
7789 
-.0338 


STABILITY DERIVATIVES 
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20 KT5. 70 KTS. 21 KTS. 112 KTS. 
-1.501 «3.814 6.847 | «10.62 
29.96 19.94 17255 17.62 
-5.854 .6023 6.554% 18.76 
=. 5843 -.6568 -.6682 -.6875 
64.79 97.41 131.1 164.4 
-.0298 -.0352 -. 0409 2,0461 
„1940 „22 „2610 „2456 
-12.34 912.54 «12.82 13.04 
-.8881 «1.080 «1.263 «1.447 
„0227? „0272 0312 ‚0352. 
Y (0) -1.139 
у, (9) „962? 
Y, (0) "2.63 
Үр (0) 18.16 
1 (0) 2 125 
L_(0) 4082 
Ty, 6 36.51 
d 7.075 
N (0) -.0072 
№ (9) 1.877 
Ng (9 -11.86 
TABLE III 


136 KTS. 
-15.51 
20.45 
34.34 
-.6928 
197.4 
-.0519 
„1835 
-12.15 
-1.622 


‚0399 





У. OPERATING PROCEDURES 


A. INTRODUCTION 

A sten operating checklist for the Fixed-Base heli- 
Gepee: Simulator 15 presented in Appendix D. A copy of this 
checklist is also located in the simulator cockpit. The 
basic operating procedures for each individual computing 
system are presented in Ref. 6. However, there are no 
Specific operating instructions for the helicopter simula- 
tion system which includes items peculiar to the simulator. 
Ihis section includes a step by step discussion of the pro- 
cedures necessary for simulator operation. The system could 
be run entirely from this presentation. However, the 
operator should carefully read the start-up and shut-down 
procedures [Ref. 6] for each individual system prior to 
meum the first run. In addition, the assistance of a 
laboratory technician should be requested for a famillariza- 


Con run. 


B. ANALOG COMPUTER PROCEDURES 
1. Install patch boards (numbered 8) on the COMCOR 
CI-5000 Analog Computer. The patch boards are located 
in cabinets behind the CI-5000 mainframe. Make sure 
that the guide rollers are positioned properly, and 


place the latching handles in the vertical position. 
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Ее С - 5000 power switch on. The switch is 
located in the lower left corner of the operators display 
console. 
3. Set potentionmeter (POT) 400 to +20.00 volts. This 
POT is set manually using the appropriate calibrated 
още естество the left of the analog patch board. To 
monitor the POT setting, the following procedure must be 
followed using the operator's keyboard directly in front 
of the display console: 
a. Press KEY BOARD and POTSET mode switches in 
sequence. 
bee tess РОТ PS class switch. 
с. Press the desired numbers in sequence for the 
proper address. P400 should appear in the address 
КЕШ ЧОП Ее upper left corner of the display con- 
sole. The value of the potentiometer setting will 
appear in the RATIOMETER window of the display 
console. The manual dial is then rotated until 
+20.00 appears on the ratiometer. 
шэг 221101 to #20.00 volts. This is accomplished in 
much the same manner as in the previous step. However, 
pressing the ADV key of the address keyboard will advance 
the potentionmeter address to P401. The appropriate 
manual dial is then rotated until 20.00 appears on the 
ratiometer. 
ЕЕЕ 97 to +30.00 volts. Press 437 on the address 


keyboard and proceed as in the previous step. 
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6. сет limaters LOO and LO7 to + 1.0 volts. Тһе limiters 
are set in a similar fashion to the manual potentiometers. 
The limiter setting dials are located above the handset 
potentiometers. In order to monitor the limiter settings, 
the following steps must be followed: 
a. Press AMP on the operators keyboard. 
b. Press the appropriate amplifier address (002 for 
LOO and 060 Гог 107). A002 should appear in the 
address window. 
Adjust the limiter by pressing the center limiter switch 
toward the positive dial. While holding the switch in 
the positive direction, turn the dial until +01.00 
appears in the ratiometer window of the operators display 
console. Then move the switch to the negative side, and 
(ата Value of -01.00 in the ratiometer window. Pro- 
ceed in a similar manner to adjust limiter 107. Ampli- 
ШОТ 150 15 Used in conjunction with L07. 
7. Center all Digital Function Switches. These switches 
are located between the analog patchboard and the logic 
patchboard. The Digital Function Switches are parallel 
to the cockpit switches and can be used to control the 
simulation from the CI5000 control console. Centering 
these switches prevents inadvertant control signals from 
entering the computer. 
8. The CI-5000 Analog Computer System is now properly 
set-up. Press the DIGITAL CMPTR mode switch which 


Pines tive cl-5000 Analog Computer to the XDS-9300 Digital 
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computer. When the DIGITAL CMPTR mode is selected, no 
controls tom the operators keyboard will be received. 

To use the operators keyboard for manual potsetting or 
Lorweudresssng ampiifiers, pots or trunklines, the 
KEYBOARD key must be pressed to place the analog computer 


Пп ae seand alone mode." 


GRAPHICS COMPUTER PROCEDURES 

1. Turn on the XDS-9300 computer. Before the Adage 
AGT-10 graphics computer can be linked to the XDS-9300 
digital computer, the XDS-9300 must be energized. Com- 
plete start-up procedures for the XDS-9300 are included 
in Ref. 6. However, to simply turn it on, press the 
RESET and POWER switches simultaneously. The XDS-9300 
usually remains on during normal working hours, there- 
fore, this step may not be necessary. 

2. Place the OLD AMOS discs on the appropriate AGT-10 
disc drive. The disc drives are located in the northeast 
corner of the computer laboratory, and the discs can be 
found in an adjacent cabinet. The serial numbers corres- 
ponding to the OLD AMOS discs are posted on each disc drive 
along with the installation instructions. 

3. Turn the disc drive on by pressing the POWER ON/START 
switch. When the disc drive attains the proper operating 
RPM, the READY light should come on. 

4. Turn on the circuit breaker located on the back of 
the appropriate AGT-10 mainframe. The circuit breaker is 


ПЕЕ еа by a "This is it" label. 
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5. At the front of the AGT-10 mainframe is the Operator's 
Control Panel (OCP). Press the following control switches 


in sequence: 


ame HALT 

Бин ЕСЕТ 
c. RUN 

Ы:  PUĽSE 1 


6. Upon activation of the PULSE 1 switch, the teletype- 
writer (TTY) should type MO/DA/YR on the TTY located in 
front of the desired display console. If this message 
does not appear, follow the bootstrap loading instructions 
attached to the AGT-10 OCP. 

7. If tie white BREAK light 1S om at the TTY, press the 
red BRK RLS key prior to typing the date. Type 7/7/77 
Giaa апа press the return button. 

КОО О БЕЗЕТ ("САТЕ О", 101)! оп the TTY. The disc 
ПИЛЕ] then cycle and the ITY carriage will return. 

A memory map should be displayed on the CRT. 

9. After the carriage returns, type GATED! This causes 
the program "GATED" to be executed. GATED performs three 
functions. It refreshes the display, communicates with ` 
the operator, and communicates with the graphics sub- 
routines in the XDS-9300. | 

10. To determine if GATED has been loaded and is execut- 
212177 press function switch "I" located in the 
upper left corner of the ADAGE function switch keyboard. 


ШЕ (ШЕСІ corresponds to the TEXT EDIT switch of the 


24 








GATED overlay shown in Figure 3. The message, "ТЕХТ 
BLOCK SELECT MODE BLOCK 1," should be displayed on the 
lower ledge of the screen. If this text line does not 
appear, verify that the XDS-9300 is on, return to step 5 


and continue from there. 


DIGITAL COMPUTER PROCEDURES 

1. Load the "HELO SIMULATION" tape on either of the two 
SDS tape drives. The tapes are stored in row three of the 
tape file cabinet located to the left of the XDS-9300 
mainframe. Tape number two contains a core dump of the 
program contained in Appendix B. Tape number one is the 
Same program except that PSIDTS scaling has been changed 
to equal 28.65 PSIDOT. Mount the tape by following the 
threading guide located on the tape drive doors. Refer 
(оке ©, section I, Part II for additional instructions. 
2. Run the tape forward to the load point. This is accom- 
plished with the mode selector in the MANUAL READ posi- 
tion. Press and release the FORWARD DRIVE switch. The 
tape should move forward until the LOAD POINT light comes 
on. 

3. Set the Mode Selector switch to AUTOMATIC. The UNIT 
READY light should come on. 

4. Set the Tape Unit Selector switch to 1. The tape 
ОО О ШОУ properly Set up for Control by the XDS-9500. 
5. Place the tape rerun deck and data cards into the 


card reader. This deck, consisting of approximately 50 
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Figure 3. Function Switches 
(GATED Overlay Shown) 
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cards, 1s located in the card file marked HELO SIMILATION. 
Execution of this deck causes the core dump to be placed 
into the XDS-9300 along with the data. 

ЕЕВС ВВОНЕВ ON and START switches on the card 
шог = em NOL READY light should go out, indicating 
that the card reader is ready to operate upon command from 
сие XDS-9300 control console. | 

7. Check the line printer to see if the READY light is 
on. I£ not, press the READY switch on the line printer. 
ЕВЕ ЕКТ оп the XDS-9500 clock switch. The clock 
switch is Located adjacent to the bottom row of circuit 
cards inside the number two panel of the XDS-9300 main- 
frame. The EXT position allows the timing frequency to 
conform to the frequency patched into the logic board of 
нео 5000 computer. 

шара load the digital program and link the three main 
computer systems, the following switches on the XDS-9300 


operator control console must be pressed. 


а. "SPOLE 
ВЕЕТ 
RUN 
d. CARDS 


After executing the above sequence of instructions, the 
following things should occur; the card reader should 
begin feeding cards, the tape should be read into the 
XDS-9300, and the potsetting routine should begin setting 


the CI-5000 POTS automatically. The address window of 
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the CT-5000 will cycle through the POTS as they are set. 
POTS which cannot be accurately set by the POTSET sub- 
routine will be listed as error messages on the XDS-9300 
TTY. Those POTS listed in the error messages must be 
set manually. 
10. At the completion of the POTSET subroutine a message 
Will appear on the TTY requesting an input for the desired 
AGT-TO” system to be used. The appropriate AGT-10 can be 
Solcevecmpye typing: IDEV = 1* or 2“. Press the RETURN 
key of the TTY. The integrated display pictured in 
Figure 1 should appear on the selected AGT-10 display 
console. A quick check, to see that the system is operat- 
ing correctly, can be made by moving the Digital Function 
switch, DS1, to the upper position. The pointer needles 
on the airspeed scale and VSI should begin to move. 
Return the display to start by pressing the following 
Digital Function switches in the order listed. 

a. DS2 - down momentarily 

БИНМ4 011-1:- center 

с. DS4 - down momentarily 
11. Set up the TV camera. Position the camera in 
front of the AGT-10 screen. Attach the transmission 
cable to the VIDEO jack of the camera and plug the 
camera into the extension outlet. The transmission 
cable from the cockpit is located on the floor between 
the two AGT-10 consoles and is marked HELO SIMULATOR. 
Remove the lens cap and adjust the camera to the proper 


POSICION. 
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шшы Ty camera may be used for other projects in the 
computer lab. Therefore, it may be necessary to readjust 
the various controls on the camera for proper signal trans- 
mission. This can be accomplished by removing the TV 
repeater from the cockpit and bringing it into the main 
laboratory. A small jumper cable is located in the 
HELO SIMULATION card file drawer to permit direct hookup 
from the TV repeater to the TV camera. Adjust the camera 
as necessary to obtain the best picture, and mark the 
camera's position on the floor to preclude time con- 


Suming set-up requirements for subsequent operations. 


ОШО ti SET-UP PROCEDURES 

Ша сыне Блу switch to the down position. This 
switch 15 located on the right side console of the 
cockpit. 

2. Set the instrument display switch to INTEGRATED. 

The NORMAL position is for use of the regular conven- 
tional instrumentation [Ref. 5]. 

вашае сол tie MASTER POWER, FLIGHT SYSTEM and DC POWER 
SUPPLY switches located at the rear of the cockpit. The 
circuit breaker located on the wall to the right of the 
cockpit may need to be turned on. 

4. Close the latching mechanism on the cockpit terminal 
e eoad located at the rear of the cockpit. This 
равен board Links the control potentionmeter signals to 
the appropriate trunklines for input to the CI-5000 com- 


PUTET. 
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СО тас оп пе TV repeater im the cockpit. The simulator 
is now ready for operation. Each simulation run can be 
controlled in the cockpit or at the CI-5000 console by 
no the following switches in sequence: 

ШЕШ DSL) switch on 

b. STOP RUN (DS2) switch on momentarily 

санае) switch off 


d. RERUN (DS4) switch on momentarily 








МЕ, ОСОО УКОМ 5Ү5СТЕМ TROUBLESHOOTING PROCEDURES 


E INTRODUCTION 

Many of the problems associated with the unsuccessful 
operation of the helicopter simulation system can be elimi- 
nated by careful adherence to the operating instructions and 
procedures contained in Section V and in Ref. 6. Most of 
ле errors relating to the specific computer system involved 
Cal ре corrected by referring to Ref. 6. The problems 
presented in this section are those which occurred most 
frequently during the helicopter simulation and those not 


covered specifically in Ref. 6. 


В. ANALOG COMPUTER PROBLEMS 

1. MANUAL POTSETTING 

There are: several POTS which cannot be set accurately 
by the digital POTSET subroutine. Most frequently, those 
Pom maire POOO, P021, P055 and P042. After the POTSET 
subroutine finishes, press the KEYBOARD switch on the 
CI-5000 mode control keyboard. Press POTSET nad POT PS. 
Enter the desired address using the address keys. The 
address should appear in the ADDRESS window and the pre- 
sent value should appear in the RATIOMETER window. 
Ргезз "+" and the desired four-digit POT value on the 
address keyboard. Then press the SERVO key. The POT 


value placed in the REFERENCE DAC should now appear in 





the RATIOMETER window. If this method does not work, 
press the POT ADJUST key, and adjust the POT up or down 
by moving the SERVO SYSTEM POT switch located on the 
Pome otde ot the CISSODO" display console. This switch 
is very Sensitive, therefore, careful movement is neces- 
оО: the desired POT value. Press DIGITAL 
(РЭГ шые цаг control to XDS-9300. 
О ОРИ TING INSTRUMENT DISPLAY 

If the display becomes unstable and oscillatory upon 
Hessvateoncot the RLY (DSI) switch, the problem could 
be one of several hardware failures. The assistance of 
a laboratory technician will be needed. A problem in the 
addressing between the A/D or D/A converters could be 
present. Failure of the "conditional ground" of the 
CI-5000 caused unstable start-up oscillations in earlier 
simulation runs, requiring extensive troubleshooting by 
the lab technicians. 
9: ANPEIFIER OVERLOADS 

Overloaded amplifiers will cause incorrect signals 
to be present in the dynamic equations of motion. The 
overload condition is indicated by a light on the CI-5000 
display console. The overload can be cleared by entering 
the keyboard mode and pressing POTSET. If the amplifier 
overload cannot be corrected, additional troubleshooting 
of the suspected amplifier inputs may be necessary. The 
amplifiers may fail because of hardware circuit board 


problems. Therefore, the overloaded amplifier should be 
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euer Ror hardware failure prior to extensive patch 
board trouble shooting. Other patch board problems 
could be caused by partial pin insertion, open wires, 


or bent contacts behind the patch boards. 


GRAPHICS COMPUTER PROBLEMS 
1. GATED NOT EXECUTED 

Sometimes it is difficult to obtain proper execution 
of GATED during the graphics computer set-up sequence. 
If the message "FILE NOT DEFINED" appears on the graphics 
TTY after typing GATED!, Press PULSE 1 and retype GATED!. 
If GATED is not executed after several attempts, ask a 
laboratory technician for assistance. 
2. DISPLAY FAILURE DURING SIMULATION RUN 

Occasionally the CRT display will go blank during 
a Simulation run. Retype GATED!, and continue the start- 
up Checklist from step ten of the AGT-10 instructions to 
reload the digital computer program. If GATED cannot 
be executed, obtain the assistance of a laboratory 
technician. The program tape and data cards must be 


reloaded following a CRT graphics display failure. 


DIDITAL COMPUTER PROBLEMS 


Improper functioning of the XD5-9300 digital computer can 


be caused by many problems. The most common problems are 


listed along with the proper corrections in Ref. 6. Failure 


to have the peripheral systems in the ready condition usually 


causes an error message to be printed on the XDS-9300 TTY. 
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Simply readying the indicated component will, in most cases, 
Clear the system for proper operation. 
1. SLOW POINTER MOVEMENT ON CRT DISPLAY 
Peto saltrtude pointer on the CRT display moves too 
Slowly or not at all, the XDS-clock switch is probably 
in the wrong position. Check to see that the clock switch 
ве оне EXT" position. 
2. CARD READER STOPS AFTER FIRST CARD 
Check to see that the first card in the deck is a 
Ee card 1t mot, place a BOOT card on top and reload 
the deck. If the BOOT card is in place and the program 
will still not execute properly, depress IDLE. Then 
press the CLEAR and CLEAR FLAGS switches simultaneously. 
This procedure should clear the memory. 
Program failure could also occur if the Real Time 
Monitor (RTM) has been altered by a previous operator. 
To reload the RTM, execute the following procedures: 
a. Mount a "SYSLOAD" tape on a magnetic tape drive. 
This tape, labeled "RAD DUMP 7/26/74," is located in 
the tape rack on the left side of the XDS-9300 con- 
Mol console. 
b. Set the Unit Select switch to "Й". 
c. Advance the tape to the LOAD POINT. 
d. Set the Mode select switch to AUTOMATIC. Set the 


Mode Select switch on the other tape drive to MANUAL. 
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үг ЇЇ ВЕЗЕТ, RUN, TAPE on the control con- 
sole. The RTM should now be loaded correctly. Re- 
wind and remove the SYSLOAD tape, and proceed with 


the simulation operating instructions. 


SIMULATOR COCKPIT PROBLEMS 
I TPOWER DOES NOT COME ON 

The main power switch is located in the rear of the 
uum Mr detivlation Of this switch fails to switch 
Pewer to the cockpit, check the circuit breaker box on 
the wall to the right of the cockpit. Also, check 
circuit breaker number five, panel R5B, in Room 519. 
DLODPESISVESMECHANTSM MESADJUSTED 

Rotation of the collective should cause a voltage 
change between +30 volts in the upmost position and -23 
volts in the lowest position. The collective mechanism 
can be misaligned by applying too much torque in either 
direction. An Allen wrench will be needed to realign 
the gear teeth for full range. The TV camera can be 
positioned in front of the CI-5000 display console to 
Monitor the "RATIOMETER" for recalibration from the 
шонг Address 7000 should be selected to monitor 
the trunkline which carries the collective voltage sig- 


nal. 


DIS 





ТЕРІ CONCEUSTONS 


СЕЕ Саа in Ref. 5, the simulation, as presently con- 
figured, becomes unstable as the helicopter reaches the 
hover position. Divergent pitch and roll oscillations make 
the helicopter laterally and directionally unstable. Several 
conditions could cause this instability due to pilot induced 
oscillations. 

ЕЛЕЕ tame of the dynamic hybrid loop may be too long, 
resulting in pilot control inputs lagging display output 
commands. This problem could possibly be. alleviated by 
"feeding back" cyclic and collective rates to the stability 
augmentation inputs in the analog program. Investigation 
of the equations of motion, using a state variable analysis 
in the hover mode, could also yield some insight into the 
lateral-directional instability for the hovering conditions. 

The arrangement of the aircraft sensor information can be 
altered by changing the graphics and text portions of the 
digital program. The present arrangement offers some con- 
tinuity with the avallable sensor information. However, 
the increased availability of multipurpose computers in the 
песенна атр томе the operational helicopter capabilities. 
For example, once the helicopter reaches the hover position, 
a "hover mode" selection switch could change the display for 


optimum hover control. Upon resumption of normal flight 
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conditions, the display mode could be switched back to a con- 
figuration to accommodate the navigational and control require- 


ments of forward flight. 
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1000 
7001 
T002 
T003 
TOO4 
1905 
T006 
ТОО? 
Т010 
TO11 
т014 
1015 
1016 
1017 
T020 
T023 
Т024 
Т025 
TO26 
TO30 
TO41 


TABLE AI. 


APPENDIX A 


ANALOG COMPUTER PROGRAM 


200 AG, 

200 ДА. С 
10948] с 

+30 VDC 

-30 УСС 
AIRSPEZD 

BALL 

TURN NZEDLS 
HEADING 

АТМ ТК 

RADAR ALTIMETER 
PITCH ATTITUDZ 
ROLL ATTLTUOZ 
VERTICAL SPEED 
500 A8, 

"py 

"STOP! 

007" 

"RERUN" 
COORDINATED TURN 


"DISPLAY TYP2" 


-- USE OF TRUNK LINES 





ROT NUTI R SETTING POT NUMRER SETTING 


000 .0890 032 .9127 
001 . 472% 033 ‚1021 
002 „1320 034 „6062 
093 ‚2006 035 ‚2598 
004 ‚ 0869 036 „1000 
005 ‚1962 037 | ‚2500 
006 . 0800 040 .1039 
010 .0200 O41 . 0018 
011 „1225 042 „4692 
012 „2500 043 „1186 
013 „1250 044 .8С00 
01% „0100 045 ‚1250 
015 , 0838 O46 ‚6250 
01б „0250 047 ‚2500 
017 „7075 050 „3200 
020 „7853 051 ‚1041 
021 ‚0389 052 „2000 
022 .1066 053 „1046 
023 ‚ 0241 054 ‚1052 
024 „2000 055 . 1258 
025 „5000 | 056 ‚5000 
026 ‚0285 400 . 2000 
027 „0845 101 „2000 
030 „4000 436 ‚3000 
031 ‚1816 437 ‚3000 
TABLE AII - ANALOG COMPUTER POTENTIOMETER SETTINGS 
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APPENDIX B 


DIGITAL COMPUTER PROGRAM 
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ABS 


ADK 


AIRNUM 


ALTNUM 


AMAX 


AMIN 


AROLL 


ASCALE 


ASI 


АТАМ 
АХЕ 
AYE 


BASE 


BETA 


CMPNUM 


COMPUTE 


REBENDIX С 


DIGITAL COMPUTER PROGRAM FORTRAN VARIABLES 


Absolute value -- intrinsic subprogram. 


External subprogram used to perform analog to 
Чатта conversion. 


Airspeed numbers -- array containing the numbers 
for the airspeed scale. 


Altimeter numbers -- array containing the num- 
bers for the radar altimeter scale. 


Maximum value of two arguments -- intrinsic 
subprogram. 

Minimum value of two arguments -- intrinsic 
subprogram. 


Absolute value of ROLL. 


Angde scale -- scale factor for converting ап 
angle to a linear displacement. 


Airspeed indicator -- scaled value of airspeed 
sent to cockpit indicator. 


Arctangent -- intrinsic Subprogram. 
Absolute value of XI. 


Absolute value of YE. 


Base -- length of the base of the triangular 
pointers used in the integrated display. 


Sideslip angle. 


Compass numbers -- array containing the numbers 
for the compass scale. 


External subprogram used to place the analog 
computer in the "compute" mode. 


Да 








СО5 

COSPHI 
ээ І 
GOSTHE 


CREW 


CRWDIR 


D1 


D2 


DA1C 


DAC 


DALT 


DCMPS 


DDVI 


DGINIT 


DL 
DRVNAM 


DRV 


DRVTAB 


DS 


Gere intrinsic subprogram. 
Созшшенот PHI, 

Co ime of. PSI. 

Coane of THETA. 


Crew -- subprogram which generates directions 
from a Simulated rescue aircrewman. 


Crew directions -- array containing crew 
erections 


Length of a scale mark on the compass heading 
scale. 


Length of a scale mark on the compass heading 
scale. 


А, аша ае Ip Fateyal Cyclic, radians. 


на subprocramzused. to perform digital 
to analog conversion. 


Altimeter division -- distance between divisions 
of the radar altimeter scale. 


Compass division -- distance between divisions 
of the compass heading scale. 


Direction velocity indicator division -- distance 
between divisions of the direction velocity 
indicator scale. 

2 р ел ен шиша ага поп susroutine, 


Long displacement -- length of a long scale mark. 


Derivative name -- array containing the names 
of the stability derivatives. 


Derivative -- array containing the airspeed 
dependent stability derivaties for a speci- 
ed airspeed. 


Derivative table -- array containing the airspeed 
dependent stability derivaties for several 
airspeeds. 


Short displacement -- length of a short scale 
mark. 


5 






DS PD 


ШЭРТҮ 


рт 
DTHR 


DTHRC 


DT INIT 
DTURN 


DYST 


EPS 


FLTIM 


ELY 


РН 


GRAPHO 


GSINPH 
GS INTH 


HGT 


Speed division -- distance between divisions 
of the airspeed scale. 


Display -- subprogram which generates the 
Static portions of the integrated instru- 
ment display. 

metan tcerval. 


Bp Ек - | паше плива rotor pitch,- radians. 


Value of n required to maintain zero side- 
slim flight. 


teini alization rubroutine. 


Turn division -- distance between marks of the 
curn indicator. 


Vertical speed indicator division -- distance 


between divisions of the vertical speed 
Zudicator. 


Sissi атоїе . 


Flight time. 
Fly -- subprogram which generates information 


Porsandecontrelsstchessolution of the helicop- 
ter dynamics. 


Factor in 2- Force equation. 

Graphics output -- external subprogram, used 
to output a graphics array to the graphics 
processor. 

Factor in Y-Force equation. 


Factor in X-Force equation. 


Height -- height of the triangular pointers 
used in the integrated display. 
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НЕТ 


HOVTIM 


| 


IALT 


IALTP 


IBALL 


IBANK 


IBLANK 


ICMPS 


COMP 


ер з 


LDEV 


IDVI 


ВУ, 


BER 


IFLAG 


IGD 


External subprogram used to place the analog 
computer in the "hold" mode. 


Hover time -- elapsed time within a specified 
distance from the target. 


Integer counter. 


Ameer -- graphics data array for the radar 
altimeter scale. 


Altimeter pointer -- graphics data array for 
the radar altimeter pointer. 


Pall graphics data array for the slip 
шашса сот ball. 


Bank angle -- graphics data array for the 
attitude gyro angle of bank pointer. 


Blank -- graphics data array used to blank out 
another graphics data array. 


Compass -- graphics data array for the compass 
heading scale. 


Compass -- text array for the compass heading 
numbers. 
Initial character position -- fixes the lateral 


position on the graphics display of the first 
character in a text array. 


Device number -- the number 1 or 2 which speci- 
fles the graphics processor to be used. 


Direction velocity indicator -- graphics data 
array for the direction velocity indicator 
scales. 

Direction velocity indicator lines -- graphics 
data array for the direction velocity indi- 
cator speed lines. 


Error parameter returned after calls to DGINIT, 
ТЕТ, СКАРНО or TEXTO. 


Integer counter -- counts number of times through 
dynamic loop ЇЇ. 


Graphics directory -- argument of DGINIT. 


До 








ЇНВАК 


IHEAD 


IHDG 


IMAP 


INDYM 


INT 


INST 


ІРАСК 


IPSI 


IPBAR 


ШОГ 


MSP D 


шы Р 


ITD 
ITURN 


ITURNI 


INGI 


mys! 


ООМО Оа graphics data array for the 
actue gyro artificial horizon line. 


External subprogram used to generate the 
first word of a graphics array. 


Heading -- graphics data array for the compass 
heading pointer. 


Коп уа рите аттрп1апе -- graphics data array for 
the attitude gyro miniature airplane 
reference. 


Instrument dynamics -- graphics data array for 
the moving (dynamic) portions of the instru- 
ment display. 


Converts a number to an integer -- intrinsic 
subprogram. 
Instrument -- subprogram which generates the 


dynamic portions of the integrated display. 


External subprogram used to generate words of 
a graphics array. 


eol converted to Integer value. 


Parenmebar —=—"oraphics data array for the 
л Ет Ее gyro pit h Tine. 


Spa 2  сарїїс-”аа за атгау от the slip 
indicator center marks. 

Speed -- graphics data array for the airspeed 
scale. 

Speed pointer -- graphics data array for the 
alrspeed pointer. 

Text directory -- argument of DTINIT. 

Turn -- graphics data array for the turn 


indicator scale. 


Turn indicator -- graphics data array for the 
turn needle. 


Vermical 5/00 Шиачсасот -- graphics data array 
for the attitude gyro angle of bank scale. 


Vertical speed indicator -- graphics data 
array for the vertical speed indicator scale. 
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ЇЙ БҮР 


IX 
IY 


JFLAG 


е 


KFLAG 


KSAV 


LN 


LNO 


LVU 


MAU 
MB1CU 


NBLK 


NGD 


NRU 


ИЕА Сре indicator pointer -- graphics 
data array for the vertical speed indicator 
ресет. 

Ше сек X -- integer value of ХЕ. 


Integer Y -- integer value of YE. 


Integer counter. 


mi eenn lag used to control accumulation of 
hover time. 


Integer counter 
Integer value retained for later comparison. 


гем flag used to control accumulation of 
RMS performance parameters. 


РВ А-В of K for later comparison. 


lime ePpcerecoumter., 


Line number -- specifies line position of a 
text block. 


Same as LN except refers to initial line. 


L, (u) -- partial derivative of rolling moment. 

M, Cu) -- partial derivative of pitching moment. 

Мр (Шш ол ету лү лүе of pitching moment. 
ike 

Block number -- refers to graphics data blocks. 


Number of words in the graphics directory -- 
argument of DGINIT. 


Np Cu) -- partial derivative of yawing moment. 
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NTD 


NULL 
NVU 


P 

ЕНІ 
PHIDOT 
Ee OTS 
LACH 


POTSET 


БЕ 
ESTEDEG 
Eo LOOT 


ВОТ 


RO 


RADALT 


RB 


READCLOCK 


Number of words in the text directory -- argu- 
ment of DIMNIT. 

Mul itext array of blank spaces. 

N Са) -- partial derivative of yawing moment. 

знана се пера се. 


@-- то11 апгр1е. 

j 

б scaled for the analog computer. 
rd Eo 50°, 


Subprogram which places the analog computer in 
the POTSET mode. 


Y -- yaw angle 
Y scaled to degrees. 
ў 


ф scaled for the analog computer. 


qu rol Pesate 
PNE yawMrate. 
т ~ radial distance from the 


center of the attitude gyro to the angle of 
bank scale marks. 


Radar altimeter -- scaled value of altitude 
sent to cockpit radar altimeter. 


Radius to base -- radial distance from the 
center of the attitude gyro to the base of 
the triangular angle of bank pointer. 


External subprogram used to read the present 
value of the analog computer clock. 


78 





RESET 


RMSTIM 


ROLL 


RP 


SEILINES 


ӨГ РОТ 


SCALE 


SUN 

SPH I 
SIENTES I 
SINTHE 
SQRT 
STARTCLOCK 


SIOPGLOER 


TEST 


TEXTO 


THEDOT 


Reset -- subprogram which places analog computer 
in Reset mode. 


Radial line -- length of the radial line segment 
used for the attitude gyro angle of bank 
scale marks. 


Root mean square time -- time interval used to 
compute performance parameters. 


Roli -- angular position of the attitude gyro 
angle of bank scale marks. 


Radius to point -- radial distance from the 


center of the attitude gyro to the point of 
the angle bank pointer. 


External subprogram used to set analog computer 
LOGIC., 


External subprogram used to set the analog 
computer potentiometers. 


ЕЕ multiply ine tractor to convert + 5 
ЕСО eor graphics processor. 


Sine -- intrinsic subprogram. 
Sinemet PHI. 

Sine or PSI; 

Sine of THETA. 

Squre root -- intrinsic subprogram. 


External subprogram used to start the analog 
computer clock. 


External subprogram used to stop the analog 
computer clock. 


External subprogram used to test the logic of 
specified analog trunk lines. 


External Subprogram used to output a text 
аи Бони ле ет роте processor. 


155, 









SHEDTS 
THETA 
ETIC 
TNEW 


TOLD 


Ul 


U2 


UK 


UKTS 


WRITECLOCK 


9 scaled for the analog computer. 
ЕЕ Есһ ang lex 

Initial condition on 8. 

New time. 


Old Time. 


ler tOrwara Ve locity. 


Value of airspeed used in the linear inter- 
polation subroutine. 


Value of airspeed used in the linear inter- 
polation subroutine. 


Descaled to knots” 


u scaled to knots. 


v -- lateral velocity. 

Іа нае аа бе calculation for VX and VY. 
Intermediate calculation ror VX and VY. 
Inertial velocity along the x-axis. 


Root mean square value of VX. Used as a 
performance parameter. 


Inertial velocity along the y-axis. 


Root mean square value of VY. Used as a 
performance parameter. 


Inertial velocity along hte z-axis. 


Root mean square value of VZ. Used as a per- 
formance parameter. 


Vzlsealedirorrfthenanmaloostcomputer. 


w -- vertical velocity. 


External subprogram used to set the analog 
computer clock to a Specitied value. 


80 





XO 


XOALT 
XODVI 
XODVI 
XOHDG 
XOSLIP 
XOSPD 
XOTURN 
OVS I 
XAU 
SCEN 


XE 


XERMS 


ШЕРТ 


XP 


XPALT 
XESPD 
XPVSI 
XRIGHT 


XTHCU 


XO 


La 


x 


NE 


XP 


coordinate position used for graphics construc- 
tion. 


Eee = instial x coordinate position 
Ue Eror graphics construction. 


for the radar altimeter scale. 

for the radar altimeter scale. 

tor the direction welocity indicator scale. 
for the compass heading pointer. 

for the slip indicator scale. 

for the airspeed scale. 

for the turn rate scale. 

for the vertical speed scale. 

(u) -- aerodynamic force in the X direction. 


соп Ет = X сооп ле рог Стоп Бог the 
center of the attitude gyro. 


earth -- x coordinate position of the heli- 
copter in the inertial reference axes. 


root mean square -- used as a performance 
parameter. 
left -- x coordinate position of the left 


end of the direction velocity indicator 
speed line. 


Pointer == x coordinate, position for the 
point of a scale pointer. 


for the radar altimeter scale pointer. 


XP for the airspeed scale pointer. 


XP for the vertical speed scale pointer. 


X 


Х, 


Pichi сола пиеси стоп for the right 
end of the direction velocity indicator 
speed line. 


(u) -- partial derivative of X force. 
с 
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YO 


YOALT 
YODVI 
YOHDG 
MOSLIP 
YOSPD 
YOTURN 
YOVSI 


YBOT 


YCEN 


ШЕ 


YERMS 


NP 


НОР 


ZAU 
“b 1 CU 


ZE 


y coordinate position used for graphics 
Construction. 


у тена | == initial x coordinate position used 
шог cwmsphjycs construction. 


YO for the radar altimeter scale. 
YO for the direction velocity indicator scale. 
ТО for the compass heading pointer. 
ШОН Бог the slip indicator scale., 
YO for the airspeed scale. 
YO for the turn rate scale. 
YO for the vertical speed scale. 
(Чәреет -- v coordinate position for the 
bottom end of the direction velocity indicator 


speed line. 


y center -- y coordinate position for the cen- 
ter of the attitude gyro. 


y earth -- y coordinate position of the helicop- 
ter in the inertial reference axes. 


YE root mean square -- used as a performance 
parameter. 
y pointer -- y coordinate position for the 


point of a scale pointer. 


y top -- y coordinate position for the top 
end of the direction velocity indicator 
speed line. 


Z a (u) -- aerodynamic force along z axis. 
Zp СИЕ op г ает уар уе of z force. 
с 
г сатен - 2 eoordinate posıtion for the heli- 


copter in the inertial reference axes 
(altitude): 
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пт ела condition == starting value of ZE. 
ZE root mean square -- used as a performance 
parameter. 


ZE scaled for the analog computer. 


Zy (u) -- partial derivative of z force. 


or 





APPENDIX D 
HELICOPTER SIMULATION SYSTEM CHECKLIST 


ANALOG SET-UP 


E 


Install Patch Boards (#8) on CI-5000 (HANDLES UP) 
ME TES 000 on 

See 00» го 20.00 Volts 

сг to *20.00 Volts 

Е о то +50.00 Volts 

зе Бишшестс 100 апа 107 to + 1.0 Volts 

(пешке aMn Digital Function Switches 


Press "DIGITAL CMPTR" Mode Switch 


mot -10 SET-UP 


Е. 


о 


9% 


Шира 9500 

Place "OLD AMOS" discs on appropriate AGT-10 disc drive 
Шинээ ас Drive on - "READY" light should come on 

Шин оп THIS 15 IT” switen at back of AGT-10 Mainframe 
ши 11 Т, ВЕЗЕТ, RUN, PULSE 1 on OCP 

"MO/DA/YR" should appear at teletype - if not, follow 
Peetstrap loading instructions attached to AGT-10 OCP 
КБе 7/7/77, press "return" 

ІШЕ 255 | ("САТЕГР", 101)! 


ае ваў returns, type GATED! 
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о. 


To check that GATED is properly loaded, press upper left 
function switch on the function switch console. (The 
message "TEXT BLOCK SELECT MODE BLOCK 1" should appear 


on the lower edge of the screen.) 


2025-9300 5ЁТ-0Р 


A: 


2, 


NE. 


NI. 


Load "HELO SIMULATION" tape on either of the two tape 
drives 

Run tape forward to "LOAD POINT" 

CO OEE elector switch to "AUTOMATIC" 

р те Selector switch to "1" 

Place tape rerun and data cards in card reader 

e S ONER ONT and "START" on card reader ("NOT READY" 
ша 560019 go Out) 

Press "READY" button on line printer if ready light 

по от 

Select "EXT" on XDS-9500 clock switch 

ТЕ Е” “RUN”. “CARDS, ол ADS=9300 control console 
When teletypewriter message is received, select appro- 
Beiate AGT-10 by typing "IDEV = ] ог 2*" and press 
RETURN" key 


set up TV camera 


PERS IT SET-UP 


Set "FLY" switch in down position 
SecmIHnstrument display switch to "INTEGRATED" 
Turn on "MASTER POWER", "FLIGHT SYSTEM", and "DC POWER 


S PI Y Switches at rear of cockpit 
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щ. "СПозе latching mechanism on cockpit terminal patch board 


5. Turn on TV repeater 
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